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hx nH i to minf Hwrtmwiit nf t ntttin-
ariTUr M n r itM iMIlr ld lt th l wn

bur llfflniHr in reIMfi tn w Mrt H thn
urn which heoti tl lod In u de-

re f niMi Wor knit nf tilno-

im inittrf mini ever rnromn mem-

rnllp i Mlf 10 mliin1 In-

n rir nil tho ti eful ari hut for thn pe-

mliitrlf rupil eiecirti pmifrps and the
prnfind o Tf wltlh it h hud upon ll-

iluii itxl IHMIIIO f Mm poopln In
prislitu Ivulirr flHl evidntloM ofI-

M H ili iii ii f in aur useful
purpose lew of Mm Tin rn important
principle of the sdfiten wore Mien known
franklins iiivenilun f thn lightning rod
wn not Intended to titHUn elnctrlo force
Irii o guird lif nnd property from th
peril ilii thiindnrstirni Thn numero-
uInsrutivn eipMriiiiiitii In frlellonaJ rlec
I rtiii y t hit first known form of elnctrlo maul-

ftvtuiion iiui pi lightning nindn clear
rerfain principle stub a conduction and
Insulation ami served t distinguish

nipostn iiitrl conditions known
positive an l negative Frank tin it kiln ex-

periment confirmed tho long suspected
Identity of light luiu nnd electrio sparks
It vn1 not however until thn discovery by
Alexander Vuliii in liw of IIH pile or hit
try Hint elect rieiiy coulil takn Its place
us nn agent f practical value Volta
when hn minlj tin great discovery was
following thn work of Onlvanl begun In

171 Hut ialvanl In his nxperlnwntji
mistook thn effect for tho cans nml o

missed making tin unlquu demonstration
that two different nutnl iiiiineivil In n-

folution could nt up un tloctrio curront-
oltu n profiMsur in tho unwrsity of-

Ivvin and a forviKii niembor of thn Koyal-

Hoilety of llnKlainl ommunlcuUst hn 1U-

coviry to thn l it of tlio ocl tT In
March isoo ft ml bnniKht to tho notice of
ttio worM llrsi inwiti fir obtaining n
toady How of flciiriity Ilrforo thli-

rvunt tlovtric unurtcy hud I HJII known to
the exiHrlmcmvr In protty effcutit of attrao

and npuUlon of lluhl ohjoctn In fitful
of Insisnlllcant power or iw It up

pan l In nitiin In tho ftvirful bumu of
now lilting u thuiidiTBtorni UnCoIl
trollid and crraiu1 Tho unalo oiw
rloscly rulntod plifiioniiTia of innKiietlniii
had already found nn applica-
tion In tho nnvigiitorit IonipoAi

upon whlrli iniuli of tho litter leitrl il do-

vvlopnientit dcp iidl riinained tntlrily un-

known until noar clo o of tho
quarter of thn nineteenth century
nctlitn Itself ns pxttinphflnd In lomUtono

in innynotlziHl Iron or Hteil long
lipforn been ron l ently Dr-

illhcrt of ColchttMtur linalarid and in low
uroat work o Matfarto win pub

It U i llri Ixainplo and un ex-

cellent one of the application of tli-

Inductlvo method o fruitful In altar
Thu rwtrulntii which a miperstitioun ace
unit Imposed upon nature study w ro
gradually rem ed and at thn btKlnnltiff-
of the century junt pttxi occasional de-

rided cncouniiioinoiil Imtjan to bw given
to pliysjlcal research It wa this condltiou
which put Into the of Humphrey
lavy of Royal in London
HI th opening of tho century a voltttio
battery of noine 210 point of plated With
thl a remarkably fruitful era of electrlo-
Hcovery began In U2 Uavy first showed

electric arc or arch on a small scaln
between pieces of carbon He also laid
tlw foundation for future electrochemical
work by deuompotdiitf by the battwy cur-
rent potash soda and thus Uolntlnff
tho alkali potassium and odium
for thD Ilr t Miinv ThU was In 1M7 tOld
tho result ww not only gnvuly to advance
the youthful hcmncti of chemistry but
Attract tin attention of tho world to a new
power In this ImmN of tlu hoientlflo worker

A fund ww soon ub
foriluHl by u few renlous culuvatorrt and
pntroiw of tInt Inturested In the dis-
covery of Davy nnd h had at hi servlcn
In ISO no less than Zooo o iu of voltaic bat-
tery With tho lmrno eurrentH obtained
from It again denionstratrU thu wonder-
ful and brillliint pheiioiiienon of Iho nlcotrlo
lire by closing tho circuit of ilm Imttcry
through terminal of hardwood charcoal
and then sepirntln them for a short dU

A mugnitlrcnt arch of WiLl
rxtwron thn separated endt

and the hh from the rhireoal pieces was
OT dazzling splendor Thus WAS born Into
the world th electric arc light of which
tn rn nn now hnndiwU of thousand-
burnliig nightly In our country atom

navy proianly iwvr Iningined that his
brlllinal Iii ninoiit would soon play
0 itiiportoin a part In lighting of

the world may never regarded
It HA of any practlcnl value In fart ninny
yrnr elapicd beforo any further attempt

mad to thn light of tho
arc The reaon tot this is not dinicult to
dUeover Tli battrrie in cxLMcnrn Tvnr-
ocrtldi nnd cave only ilieir full ower for a-

very short liiin aflir thenrruii was lo sl
They were xulijiot lo the very t rl in
feet of rapid xilirlAition whereby thn-
uctlvlty was nt unco reduced A long

elapsed bcforu tills d foot was re
Davy In his cxperiinentH had

the very Interwrt heat of lbs
pletirin arc and fount that hut few sub
iiiAnc rt ivcaped fusion or volatilisation
when placed In tin heated Mream between

Horn again he was
pincer In every important nnd re
i in elerlrle work nniilnyltii thi
f wlueli as tiirevlv gv n rl p to-

icvernl wnv and valuable lrtlil lrir
Lie conduction of electricity along

d
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I to In mpl ijr It In tgnm

lint U Mtrljr n II7 ilitntrf orr mud
hjr Mrt o nt l ntn I apply frlrtl ni

lortrlrlijr to f l HI wirfc-

fnlhiw hrforn tie rlowt of rrnlliry if-

I h f llnllnr prifxxW Veils dUrnvrr-
x ft n r n w lrn u In h f-

fnrt If ni cnotinh In lnp unit art
n riirf nt In hn nf wlr ffnin fln iwn

pni Icit otiHliln imif fan that WIM-

f nl lng lh firn nr or i n nf nir-

r n In tfn wlfo nr rlfriill M nn tl f-

tfi li l In w H far Ih dl r iT rr f h-

fffTU nf flttittr riirrentu iiioi m n

nnd lh fniir tti nf rmttntlin hr whi-

rrKnl Otflmwlr rim In th Mri

that Ire r inrif Int it nirfrnl nuH f-

fWf pontpa n i w IrtefT lif-

llommnfl of rr ntp Iml It sfterwsr
fnfrnti n intl iti nr rMl-

It WIM Ilion that OortlM nf ii nhn i fi-

hirWHl that m n t frI In ol Itfwlf it

n l In lh rfinrerln n rtrrnt
nil lush Ih i1lrwinnnf iirnlnilj iHl n

Ih illffHIin of riirrpiii Tli1 tii ly if

this mt nMlf nVrlii ii eiro rtirrini lif-

AMifit Anipm and IM prniliiclMin nf IK-

III TPtT TlliMbl th nf HrnrrnndnHirM-
tnnd p roinplllnn nf thus olootH-

otoltfraph hi ilnno br MUM and
V In inorlrit arnl lnif t imiil nnrnti lf-

br wnfV M nbrnad but ffur Mnr n

hud pntPiPil the floiii lr f Jn4 ph
hud oiotiiHinn by iiKrllHintM wwh

Ins nf rl Htrlr lirnnllititf br H itrf timnni t-

Tr n hnrt hIlls I tit lleiirr m f

who flr t a prneiicitllr it ful ojoetrn

magnet HIP hMiirjr of inoi li p

trio tolofraph trach u that in no nlngln-

Indlrldtial l his Invention dli The Mor-

fivoiom Imd lionn ilrmnntriilil In 1M7 hilt
not until MM wn his flr f tMkprnph Htm-

bullf It connected HalMmnro nnd Wn h

Ington suit this for ilrfrnrlntr t-

wero obtain Contfre lily after n-

ever ulriltruli1 Thl ran lw un lnr-

fiood for electricity hail not up t that
time ever been hnwn to have any prnrMrnl-

Ui efulnr The MICCM of tho Morse tele-

graph wa ooon followml by tho e

llhment of telejjruph linen nf n mean of
communication between nil his hugs
cltleo and populon district Scarcely ten
yennt elapsed beforo tho possibility of a-

tntn atlantlo telrgraph won mooted The
laid In IM WM a failure A few

word paMpd and then tho cable brokn
down completely This wo found to b

due to ilefecta In cowtnictlon A nnewed
effort to lay a cable wan mid In
ISM hut disappointment train fnllowe
the cable broke In midocean anti tim work
again reaKcd This great task WM sue
ouMfully uocompllshiil In this following

year and the pluck ant pertinacity of

tho o who were staking their capital If not

their reputations for buMncM sagacity
were amply rewarded Kven this lost
rublo of IJCJ wa found spliced to a new
cable and completed soon aftr H n ixond
working linn Tho dnlloaNi Instruments
for the working of these long cables wero
due to tIn geniiu of Sir William Thomson
now Ixiril Kflvin vhom other inMrumenti
for electrical measurement for years
iKen a great factor precision
both In nMcntlrtc and practical testing
The number of cabIn Viixtern
and Western hembphcroa lui been In

creoerd from time to time mind the opening-
of a new cable I now an ordinary occur-

rence calling for little or no note
Tim Introduellou of tho elwtrlc tele-

graph wo followed by the Invention of
various signalling nyittenw the m t Itn-

portunt WIIB the tirealarm telegraph
us HiiggeiiiwJ by Chunuliitf
out by Farmer Ve now BHO have nu
tomutic clock nyBtems In which a master
clock control or give movement to the
hand of dUtant clock by electric
currents sent out over connecting

or circuit wlrw Automatlu electrlo
nat art niado when tiro breaks out In u
building nnd alarms are similarly rung
when a burglar breaks In Not nly do-

va huvu which print word
and characters nd In the bt ck ticker
but In known OM the teleAUtograph
Invented by Dr KIIMia Jrny the sender
write hi me uRe which writing Is ut
the amo time being leproduced at thn
receiving end of the linn tvon pictures
or drawings are wired by In

Btnunent The desirability of making
uuo wire connecting two points do a large
Hiiiourit of work and titus avoiding the ad-

dition of now linen tiM led to two remark
ablo development of telegraphy In the
duplex quadruple and multiplex sys-

tems several me sagen may nt the same
time be traversIng a idiiglo wlro line with-

out Interference one with the other In
the rapid automatic nystama the working
capacity of the line In Increased by cj e

nmchlnes and
recorders and the electric Impulse

In thn HIM iiself follow iirh other with
great eppci1

improvement In thU field has by no-

ninaa censed and neu iy tenw for rapidi-

ranmnlsAlon arc yet workout out
The object U to enlarge thi carrying ca-

pnrlty of pxUtlnK lines connecting largo
of population Th mimes of-

hcntstone Steam ldUnn and Delaney
prominent In wIMi this

1or mo In telegraphy tho urlglnillv enido
of voltulo battery hu h as

were replaced by the more
types nuehaa the conMant battery of Dan
hell the nitric arid of trove dnlin
from lico Bull the carbon bnttery of Hun

fen flnl brought out In is Such
power of them Grove stunt llunocn

tcrlc that attention wni ncnln cnllnl tn
tho Ilecirlc arc nnd to the possibility of
Its use for elect Illumination Accord-
ingly vn find thill Miggcxtinii noon
made for elfiirlc are to ho o rated
by these tuoro powerful and constant
nourcxS of Tho rM ex

of a working ty of nn nrc lamp
won that brought to notleo by W I Ptalte
In 147 anti hi description of tho lamp
and tin conditions under which it could
IMJ worked a remarkably ant full-

Mntement considering hum its np
arnnc Stnite even nntlclpated the

mit nven1 phase of development In are
lighting namely III Inrliwurt of the ll dt-

In a partially airtluht globe to prevent t l-
Oraplil waite of the cnrbon by combustion
In the air In 1 public uddrrM nt sow
enMleonTyne In tit7 ho ndvocnte the
use of the arc FO Inclofod In mines an ob-

viating the danger of fire Hut It wits a
long tIme before tliu electric arc j

any Importnnco as a practical Illumlmint-

Thero was Indeed no hopo of Ita mi cress
no long ns the current to bn obtained
front batteries con chemicals
rifle Hi cxens ww too great and tho
batteries Ksm brcamo exhausted In
spite of this fact xrasionnl exhibitions of
tire lighting wen made uutably lu iSDo
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I nf Jatt-
I for his Mirviro Iliojr Peel lnvenle an urn

Invnlrlritf wlutt U kn rwn Ih dif-

ferential prlnelpK aflerwanl uppll o-

otlofulrelf In fr Unip length nf-

Iho itr f Iho IHIOT l el reen Uio eafl n-

nf ih lump N mniriillo wild foul
nicHr and Iho ll it HUH renderol-

nrrMolonallf n oi in wntk ln l t olorirln-
am litinp for rmltHe ethlMHor nr fur
domnfKlfwIInn ptfw esi In Iho lenflflc-

doKirllnonl of rinn Tho ilMenverr of
this meitr of efflelenllf renersllna eloe

ffnm tnerliMnfitl lowef etin tlllo4
ho fc r if nil his wnndeffil-

loleelrlril work nf the ilfMln jronf nf his
nlnefeonlll nlnrr Itwtilo elerlflcitl-

oitefitr SfdlMMn nf hi r M Mlelnt-
efurnlar a m tt s 1or nf Dnrr
at his nrl Ii tiil n In ludrln IM-

ri lrtth n eteon olorlrle e iffetil itii-

MMMtioi malts Iho otreodintflf Important
nlnerrallnii that n It mired In Ih
field nf a miBtirt w ml Id yield a piirtetit nf-

eionlrtrllr NlmH it Iho dUenverjr win
effort ll lieon tHsndiHI InIloKjflil-

bM t lenef for It4 imn ako unirllllflKlr-

ol ned tip pMtilili iif Iho irrenle
KitHien K men furvlninrntnl Inn

nf lbs future rilitmo olerlrlo marhlnn
wit iMenvoro IT Mm Thl wat In Ill
Kiuadnjr Inrestienltofm wrro eompleto
and lit dMtctlmH nuvtiorlr that little
w4 loft I lin Itf itn r Kl lr-

elMrMly llith lbs molar and
tli lyiwmn genenitnr potrnllall
prevent th IH Iltrndny e ntente Mm

with pointing tlio ay lenrlng lbs
twhfllrul engineer to follOw III one of
Furailav eiiwrtmentt a p ip r luk-

nmnntis1 nn nn DIM pawlnif throuah It-

nlro a revolved l rtwern n Mile

nf n ltrii lre titnirnet A wits totirheil Ihn-

piripliery f Mi iltnk nt n r eHed position
with rtsi vt to th magnet nnd another
WHS in connertlon with the nit Miexn

wires iitiltpil Miriiiifh n galtranotneter
or Initrtiiiient for ilelectlng electrlo

A current wn tiote a preeent

In the circuit so long a the Ilk WM turned
then wn tnibryo dynamo Ttio

century cise with single dynanm mn
ohlntit of over Sooo hooe power capacity
and with singln pownr olatlon In whluh-

tho total electric Kenerntlon by such ma-

chine I 7iuio to uwrio hor power
Ho perfect Is tho modern dynamo that out
nf 1000 horso power expended In driving

or morn may b delivered to the elertrlo
line a electric energy Tio electrlo motor
now HO common u a machine like the
dynamo In white Mm principle of action

sImply revpr ed electric energy dellvere
from the lines become again mechanical
motion or power

Soon after Faraday discoveries in mag-

netoe rtr1clty attempts were madn to

coatnict grneralor of electricity twin
jmwer Hut the machine wero small

j cruln and Imperfect end Vrsulti nece-

sarlly meagre-
Iixll In Iaris onn year after Faradays

dlccovery wnn announced mlle n inaehln
which mb lled In UK eontni nfl a simple

comniutator for giving the current n slngln-

dirertiun of How ThU U tbo prototyjsj of

the cummutatont now found on what am-

c llisi continuous current dynamo After
followed Clarke Wheatelona

stohrer Mid others but not until
lH5i was ntiy very notablo Improvement

mado or suggested In that yvnr Korea
Hjorth of Copenhagen described In a patent

principle of
elecuio currents generated to trnverne eolL

of wlrit fo disposed oi to reenforc the-

magneiictleliiof machine Ithelf
filmviuintly hiS Idea was again morn

clearly Mt out bv Hjorth This princi-

ple of the modern lfercltng dynamo
tint Held initgntiU of which very weak at the
start art built up or ttrengthened by the
currents from the nrmntur or revolving
part of marlutio in which power la con

hiimtd to produce elect rtelly
In 1SJ8 Dr Vernir Siemens of Merlin

well known us a great pioneer In the electrlo
arts brought out the Siemens armature

in Innovation more viilunblo than
made up to that time ThU was subse-

quently used in the powerful machines of
tile arid ladd It tlll turviven In mag-

neto callbell nprmrntus for fiich work
us telephono In exploders for
mine and blasting nnd In the simpler typ4
of electroplating dynamos

The decade between 1 W and 1S70 opened

a new era In the connlrurtion and working-

of dynamo machines and motors U U

notable for two advance of very great
value and Importance Dr Pacclnottl of
Florence In 1680 described a machine by
which truo continuous currents resem-

bling battery currents could bo ob-

tained Up to that time machines gave
either rapidly alternating or fluctuating
currents not steady currents In dl
ruction The 1occlnotll coristnictlon In
modified forums is now almost universally
employed In dynamo nnd even
where fonn I now quito dlfferetit tho-

1acclnottl typo has been nt least tho fore-

runner and ban undergone modifications
to suit special end In view llrieily Inc
clnnottl made hi armature of a of Iron
with Iron projections between the
colls insulated wirearp wound Although
full description of Incclnottls ring
tuns nnd cnnimutaior were given
Ifrtil his wiirk airuiivl but attention
until firanmie in Idns al iut is7fi brought
oil Iho relativly pfrfect Omnium ma
chum In the the other great
development of decailn took plaeo

Although Hjorth timid a Mated before
put forward time Idea that a dynamo gen-

erator might itself furnish current for
magnetizing Its own magnets this valunhlo-

suKBestlon wan Riot apparently worked
out until 9V when n niachliin was con
Htructed for Sir Chnrles lieatstone This
appears to have been the first Mlfrtuiting
machine In existence Wheatstono read-

a paper before th Royal In Feb-

ruary 1C07 On tho Augmentation of
thn Power of n by the Reaction
Thereon of Currentw Induced by tho Magnet
Itself This action later breams known
n this reaction principle in dynamo ma-

chine
A often happen thin lieu occurred to

worker In KIIIMICP almost slmul-
tcueously and Dr erner Siemens also
read a pa r In Berlin nbout n month earlier
than that of WheaWono clearly discribing

rnaetlon principle Furthermore u
patent specification hail hen lllod In thn-
Iritish Patent Oftlee by H A Vnrley Deo

14 1SW clearly showing tho name principle
of action and he wa therefore tho flout
to put the matter on record Thn time wa
ripe for the appearance of machine closely-
rocmbllng the types now In such extended
use Gramma In lR7i adopting a module
form of thn PacciuoMl rmg and

and employing reaction principle
Oriil succeeded In producing a highly
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nViont compact ami durabU
etirnmt dfruuno irunnv machine

Immediately reo nU l a grout
technical triumph It w In n enw Ilm-

nilmlrvillnnnf fe nf development
Uninniiig iHi serif atlompu flume
dlntely follow Inu Mriditf dHmrery

tread referred eoimtfUlel-
iU rernlrln itrmaturo nf a eviCt Iron wifo

upon which ring a of M of mall rnlU-

nf llHlllaleil wiro wero wimnd III iceewivo-
rdUl Hallo Tlieot i HU ero all enn-

rtorieii ennilnti ti4 wiro and frmn-

Iho JiinrlMw nf Iho nno another
ennnerllnno wets n III e nf eoppof

lrwniUle mien 01 to niher pnn H-

iiilln the enmmuiainr In l f 1 IMrwr-
Alionorii in Mrlln tnndined iho rln wind
IfK nf flritmm rtml iriHlue l Hto drum
Wlfidlnf hle trnldetl Hio fiew i ilf f f-

IhrendHtci Hirntlifh thy renlfo nf
Iron a IH tntinmo mno riiHH ii-

Tljo oten iHt nt iho
iiiino loi in ifitmmooiKiehlno lo Ilm-

In inndern df miinnn itml rrwlnr tho trm
litre unnlly ennntriieloil nf shiest Iran
OIH h ti I II thug trnjwtmn a In

IMertni4li min liiffe Mel the roih nf
mo nvoii i o WIHIO cHrittelr n d-

Hiofl iirs iii iho j ss Iw weott lbs ifn

Jornit HiHititiiig In fact M form f

ilniHi wlwlltirf In lbs onrlr TIM a few

rinj nnd Mioifvorn tlrmn manlilm-

hwl li on i pllid tn Hot running nf am
tIght nips imielilnn fr eneh Ililil Thorn

fur rnpliiting-
In nil d riiiH In prwitlisl use tin mr-

r nii ht h uro genrrnlsl mo altrtiHllnrf-
tirreiiin H thy uro illis Stuli itirronu

ems 1horm tertei br rapid elmngen of rtlree-

tlnn nr reversal oetur miny tlm n

per ecnnd and when eiirrent nro
Into continuous ctirrintit flowing

in OIls iltristlon Hie ninrhlne U prntidrd-
wniin rntiimiiUitor fur rnnneeting tho ruth

In Ilm circuit o that will always
Mow Ir It In Hie Minn direction irmt tium-

lier of dynamo however are u l without
commutator for changing the direction of
their currents In nidi nmrhlne thn cir-

cuit melveo itistadof continuous currents
waveo of current or alternating ctirrenls
As with Kounil the waves hays a pitch I p

they follow each other nt a certain nutnlsfr-

of tines per oeruniL In Usual practice
will l from 25 wave which would be a low
period up to IKi or mor j er second Imt-

mnchlnit ruin lw coruitruct l to produiH
alternating current of many thouMnd
wave or at lucy am tertnnj
sisx nd for special ears When an alter-
nating current flows from a line then
limN when the current I clioitglng from
on direction to the other and when there
1 actually no current and these are called
the zero or dead points of thn current
Much of the machinery developed In later
years has of tin alternating current
typo generators motor Ac utilizing
these rapidly reversing currents

At the Centennial Inhibition held at Phil-

adelphia In 1S7D but two exhibits of elecUlo
lighting apparatus wero to be fount Of

thtwn Olin wot the Oraninio arid tlio other
lie WnlloceFarincr exhibit 11m Wallace
Fnnner ilyruuno nmchlno I n typo now
obsolete It was not a good dentgn but
HIM Wallace exhibit cnntalned other ex-

uinpli1 reflecting great credit this
American pioneer tn dynamo work Homo

of these machlnm were very ilmllar In con
stnictlon to latnr forum whluh went Into
very atcn Jv use Tlw largo search-
light occasionally used lu night Illumina-

tion during the inhibition were operated
by the current from WnlLiceFanner ma

Thn Grairunu eililblt wa a ru-

murkable cxlilblt for IM Though not
extensive It wns moet liustructlve There
were found In It u dynamo running ui tOo
lamp a large marhlnu work
such as electroplating and clcctrotyplng
and miMt novel and lnt re tln of all one
Urammo machlnp driven by power was

connected another by n pair of wire anti
the Hecond ran IM a motor This In turn
drove a pump and raised water
which flowed In a small full pr cataract
A year or two previously th finunnio mo
bIns hind l cen atvldentnlly found to be M
excellent an electric motor a It was u gen-

erating dynamo Thn crude motors of
Jaoobl Froment Diivenport Iage Vergnwi-

iatinw and many others were thus ren-

dered obsolete at H vtrnke fin first pub
the demonstration of the working of ono
Irammn iimthlnu by another was made by
Fontaine at time Vienna Exhibition of 1S73

here thou wm n forfwhadowlng of the
great electric power transmLsslna plants of
today the suggestion of the electric station
furnishing power on well aa light anil to a
less degree the promise of future railways
using electrlo power Keplaco the

pump of thin modest exhibit by a
turbine reveres the flow of water
to as to cause It to drive the electric motor
so that the machine Incomes a dynamo
and In like manner make of the dynamo a
motor and we exemplify In a simple way
repent great enterprises using water power

for the of current to bo trans-
mitted over lines to distant electric motors
or lights

The Centennial Kxhlbltlnnnlsomarktt the
IwRlnning this very birth It may be wild

of an electric invention destined to becomo
before the lee of thin century n most
potent factor In human nffalrs The Ink
Ing tclephonn of Alexander Ornhuin Hell

wn then exhibited for the flrM Minn to tin
savant among whom was till distin-

guished electrician and hcicntist Sir William
Thomson For time llrst time in tho history
of the world a etnicturo of copper wlrn-

nml iron woke to a listening ear Nay
more It both listened to of thn
speaker mind repented vole at a far
distant point Thn Instruments were
moreover ihn acme of simplicity Within
a year many a bay had einitrucied n pair
of telephones nn expenditure for material
of only n few pennies Its flout forum lbs
transmitting telephone wns thin counterpart
of thn receiver and they were revertible In
function Tie transmitter wa in reality-
a minute dynamo driven by the abrlol voliw
waves the receiver a vibratory motor
worked by th vibratory currents from the
trnnmitter nnd reproducing the airiAl
motion This nrrangement most l atill-
fui In theory was only Milled for on
short linns nnd wa soon nfterward re-

plnied by various forms of carbon micro-
phone transmitter to the production of
which many Invrnlors haul turned their
attention notably Kdlsnn Hughis ak-

nnd Mannings In modern transmitters
votes wave does not furnUli the power

to generate tilE telephone current hut only
controls time how of an already existing
current from n battery III tlus way thn-

iffects obtninnbln may bo mails mimciontly
powerful for transmission to listener isnn
miles away

Then I nn ntH to dwell hire upon
enormous saving of Htm hocur l by thin
telephone and the profound effect Its intro
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duction nad upon IsKJn and on Jil
life Tho Itimllon U li t tlp bo Never
IheUul few ussr of III VirHlffHl ln o

lion renllo liow imi h ilKHiuhi n l kill
hitvn t s n eni l n u ttnfkliN nw-

In iiTrrhewd wire nnd nf h tn n jI-

nolrtinienlit Ihefii ltre few n wlwi-

Inlh Mweoii IWrtlriiifindrhtcHtfribniM Ml
In lining n they into erd 4vo-

nf Hielr Ti4t d l l l nf i r I IM

Ixoirxl nf Mtpfier III ho MHO

there prntxtMf etkl n w lit I nHe-

llrtli nf wife In linder f i IMd fssff HHo

aro upoard of ihr s tiiarer nf n

million teleiilmlf In the I ntfeil lalo
and Ineltldllttf l iH nrorliexd itixl ml-

irrntinl llrr a Mat nf rrmro Mlf i-

tmlllnn mlli of wire Ar t rMim i r-

nn lhnil nd mltWnn eonTet ntlV fo-

Inf fr tieiiHy i tMei but Hio fnl-

lem fur N tnt ol el
lirato dlfttisiiHiV ntnl ntnf imps lust tt-

Mihillnn ht In n nut Hio d six wWrh
sIll innik the i titnii wlurf pfngf

the adtrenl nf Hio lelefilmne I W MH O-

roiimHrt 11 winfiM ll ni aio
in winfldenin In sillier ifotv e
eleeirlo otitirprl n
ever lirfure lirKiin ti H glveti t Hin f l-

lein of rtritltn MkllMlH An electrlo nrn
lump prnl ililr tin onlvuno In
hud linoti lustnllnl ni Duiiieiiift4 light hmiwi
III Mni iilii it nf irUU and tests
It wit f d lit u lllllls iniwi oti
maehlnn of ihn old pe very liirgn and
eurnlirous for thus work Numerous nhanirot
and impruveiiieiiiA had lk l n-

mado in arc hint br Serrln Dulswi
and many others hut Hi ill f lny of eln
light during Hi lUrls KiM IHon of HI
WHO Ihn lint memornbln us of Ihn elerlrlc
light on n large wnl Tim splendid Illu-

mination if Hin AeMU dn I Iptrn wa-
n grand t eson the source nf lIght
was tin electric candln of Paul
koff n Iliisxlan engimsr It was n sInk
tnxly original antI slmpln sro lamp In-

stead of placing the two jxilnt to
POint ns had b n don In nearly nil pn-
vlous lumps ho plfewd them loin by fldn
with n strip of baked koillln between them
The anile sn formed up orted in
ii sullatiln holder wheruby nt Use lower
end the two parallel carbons were con-
nected with the circuit terminals fly a
suitable ilevlcn the nro was itiutcd at the
top anti burned down Thn electric candle-
s emod to solve problem of allowing
complicated mechanism for ft e llng Mm-

carbrjns to bo discarded limit it survived
only a short time Owing to unforesetn-
dlftlcultlen It win gradually abandoned
after having served n great purposn In
directing tho attention of world to tho-
posrilbllltlcH of the electric are In lighting

Inventors In America were not ny
closn of 1S7S Brush of Cleveland haul

brought out series system of aro llghbt
Including K oulul dyiuunon lamps to amid

by time mlddlo of 1N78 had In op TaMU
machine mach nuilntaiiilng sit
tech arc lamps wire Thin was mdeid
a grnat achlDvement fur that tlmn Wcston
of Newark had also in oPeration cinniin
of aro lamptf and the ThonuonHoiuiton
system had just in commercial
work with right axo lamps in series front
a single dynamo Maxim anti Fuller In
New York wer working nro lamp front
their machines anti capital wad being
rapidly Invested in now enterprises for
electric lighting Somu of tho great elec
trio manufacturing concerns of today
hnd their beginning at that time Central
lighting stations began to bo established
In cities and the mime of arc lights In street
Illumination sail In ntonti grew rapidly
Moro perfect form of light aro lampo were
invented better generating dynamos and
regulating apparatus brought out Fac-
tories for arc light carbon making wire
built Tim flout special electrical exhibition
wiu held In 1arls In ISSI In the early
80s akin the business of are lighting tint
become firmly established and soon tho
bulk of the work wan lone under two of
the leading eyttcms Those were after-
ward brought together under one control
thus securing In the apparatus manufac-
tured n combination of thn good feature
of both Until about 1692 nearly all time

arc lamps III use wore worked under the
Africa system In which the lights were con-
nected one after another on a circuit and
traversed by the same current ThL cur-
rent hiM a standard value or Is a constant
current Sometirans aa many M a hundred
lamps were on onus wire As the mains
for the supply of incandescent lamps at
constant pressure or potential were ex-

tended attention wan more strongly turned
to tho possibility of working arc light
therefrom

Within a few years of the closo of the
century this placing of arc lamp In branches
from the samoa mains which supply Incan-
descent lamps becamo common and tho
Inclostirc of time nro in a partially airtight
globe a proceduro advocated by Stalto
In 1S17 was revived by Howard Murks
and others for saving carbons and attention
to tho lamp this Inclosed aro lamp was
al i found to bo especially adapted to uso-

In branchm of thn Incandescent lamp cir-

cuits which hall In becomo greatly
extended Tho Increasing employment of-

alternating currents In lilt distribution
of electric energy has led nlM to the uso of
alternating current ore lamps and special
current regulatIng apparatus Is now being
applied on II large calf to extended cir-

cuits of time lamp It can bo neon from
times facts that this art Is rapidly pro-
gressing tumid thn field ever widening A

little over twenty year ago practically
no arc lamps wero tibod Now HI closo-
of the contury they are numbered by hun-
dreds of thousands The nnntml con-
sumption of carbons In this country has
reached two hundred millions

Almost simultaneously with this liegln-
nlngof tIme commercial work of nrc lighting
Kdlson In a aurcpssfiil effort to provldn
n smnll electric lamp for general distribution
in place of gas brought to public noiiin-
hi carlnm flUmont Incamliwrent lamp

A ionsirteruhln nmount of progress had
previously been made by various workers
in attempting to reduce tin of ll ht-

In each lamp and increoso thn number of
lights for n given expended Forms
of Incandescent lamps or emiln Mu
descent lamps were tried on a
rule abroad but nonu has survived So
nl o many attPinptu to product n tanp
giving light by pure incandesfenco of f0id-
eondiicton provetl for the hOst part abor-
tive Fdlson hlniHolf worked for nearly two

Iwisnd upon till old idea of
liienndsivnt platinum utrip or wIres limit
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I long l foro the problem WM rmllr ol o-

by Mrokn n r nrtmn flUmrnt
Ump uriHHlr i he nenrfl uppnmili
Hio rl m rthinew tni H had l wn m do in

H llrll i i tin4 ii lAriiinin Umpin whldi-

ekrlrt Wfreftf M i Hirit ih A ftp
f inrliHl ket i honied Khlo ieH

Iif j KbuM hull IH

ws fmtmlalnotl l rr hnd eiWWIe ItM-

fcntiiojlnrnemUr In rngbtnd nd pro

ff elirrefll fl r Iliom In I nf iMtlertr
Mil i iid leii lo Hi t i HII enl In hM Mb r

the p inntl nn il s TlMtii Mmp H-

l rhitps the dmcrtirflwi f nn IfHnn
lump nnjf prniniw HIH ul-

iilenllf roisirdMl Mono f Hi ehl if lip
In Iho word at Mlin win now ulniMt In

nf Itt io s ofiil nimrnefrUllr
wh wrw n lr f-

l rto tn h r dl l nf orerwnrli worry

H eff t lii ffe t M InvoHilon MM-

ea ef t e ie 4y tar In ndrititeo nf
tHflO

Clio ll mi IIIHIII iWTered from lb o-

tk4rh prT HI n III lrotiiHr miKill

l i t eurtton i ri remleroil hi by-

HH mrtoiH Mnl IH t rfoelH4ti of Iho-

rscwwn In whirl i WM mutinied the
HUmo w Hr w li f rarl tr eil-

mior afotwnrd f Ifimtxwi rarlmn
The mo lorn iHianitow Hl btmp

w H o lif it choffllial prne Tho-

nf uniform olerirV r lolttief Ullsnii
eiMhtled tump In lit htlMiritlnrf-

at Mvnln Turk Now Jorner IM Dtfoml-
oTl lull before It M M irf ierly Utilised
nil on ifni M ninnttnt Ill week hnd hail
l i don task wn nut imrolf thin im-

prnvitnonl of an srI alnmdf etlllng it
ih crontlon nf it imw art Hiwslnl-

dyimtltn liwehlnit h d In In tliyented and
i instrtiileil for working ih laini NWltei

wen I for and tll POl-

ne ting Uunp coil Inmix listeN
for measuring Ilm cnriiimptlon of electric
energy errs wanted safety fusr mini cut-

off hind to Im prorld l electroliers or
to supxirt thn lamp wrnnipilrptl

lastly II eompleto system of under-

criiind niitliM with appurttlinnce nns a
nvpiUlte for city plans

lven the stpnm engines for driving tlm
dynamo toil to bo remodelled and Im-

proved for eU trl work and ten years of
elect rum lighting development did more
toward tho refinement ami perfection of
steam engine than fifty ywirs preceding
Steadiness of llghttt meant tho preser-
vation of steady cel In thn driving ma-

chinery Iho pearl Btnet station In
York city tho first Installation for thn
Httpply of current for incandeucent lighting
In a city district Thn oonatantprmsur-
dyniuno wero gradually Improved and
rnlnrgetl The detiULs of all parts of thin
system terre made morn perfect nnd-
In thn hand of Fdlson mind it hern limo

Incandescent lamps originally of high cost
wire much cheapened and thn quality of the
production wad greatly Improved Lamp
originally Oct Jl rah Thn h lamp
that are mado can be had at present for

onefifth that price Mllliotis of In-

cnndtswnt lamps arn annually manufact-
uriil threat lighting stations furnish thn
current for thn working of thee lamps
homo stations containing machinery nggre
gating many thousand of horsepower
capacity Not only do these Btat Ions
furnish elpctrlo energy for the working of
luc and Incandescent lamps but In
luidltlon for Immmerabln motors ranging
In size from tho small dekk fan of onnumh-
horM power up to those of hundreds of
hopii power The larger replace
Ktcmn or hydraulic power for elevators
and many aro used In shops or factories
for driving machinery such OH printing
prosscd machinery tools and the like

In fpltn of tin fact that It was well known
that II good dynamo when r Ters xl could
IK rondo a sourco of power few electric
motors were In uso until a considerable time
utter tho establishment of time flout lighting
Million Kven In ISSt nt Philadelphia
Electrical llxliibltion only u few electrIc
motors wern shown Not until 1SKJ or
thereafter did thn motor load of an electric
elatIon begin to bo a factor In Its business
nucctw The motors supplied nro an ad-

vantageous adjunct Inasmuch as they pro
vldn n day load increasing tho output of
tliu Million nt a time when the lighting load
is email and when machinery In con
wequencn would without them have to
remain Idlo The growth of time application
of electric motors In thin closing years of
the oeitury has been phenomenal even
leaving out of consideration their use In
electric railways

Twenty years ago an electric motor was
a curiosity fifty yearn ago crude examples
run by batterlos were only to bo occasion-
ally found In cabinet of scientific appa-
ratus Machinery Hull nt the Centennial
Inhibition of 1970 typified tho mill of tho
past never again to bo reproduced with
the huge engines anti Ilium of heavy shafting
and bolts conveying power to the different
tool or In operation Tho modern
mill or factory hia los rnglnes and dynamos
located wherever convenient Its elect rio
lines and numerous motors connected thpro
to und each of them either driving com-
paratively short llneH of shafting or at-

tached to drlvo slngln pieces of machinery
Tho wilderness of belts and pulleys which
used to fharacterizo a factory U gradually
btlng cleared away and electric distribution-
of power Monsaver tho light-
ing of modern mill or factory Is done
from tie uno electric plant which distrib-
utes pow r

Tho elentrlo motor already partly
rpvoltitlonlret of power
for stilt loiviry machinery but as applM to
railways In place of animal power the revo-
lution i cnmpleii Tho period which ho-

clapssi sinin tin introduction of deo-
trie rallxvavs I barelv a dozun years

true that a lew tentative experiment
In electric traction seer mud notiui tlmo-
in advance of is S notably by 8iiiiuns In
Iterlln In 1S7W and issci by Stephen D Field
by T A Ldison nt Menlo Park by J C
Henry by cnnrlns A Vnn Depooln und
othppt If wn look further hack wo find
efforts KUih orf i lint of Farmer In IM to
propel railway earn by electrio motors
driven by current from bnttcrim carried
on tin1 These elTorls wern of courho-
doiiued failure for economical reasons

Itieigy from primary batteries
wiui too coctly and if It hind been cheaper
the type of electric motor Used yielded
no small II return of power for thus electric
energy spent In driving that com-
mercial MICCCK wns out of tho question
Th p early effortH were howover Instruc-
Hve and may now bo regarded nn highly
Hiiggiwtivn of later work
tin UM of Kinragi batteries carrIed on aii-

elivlric car ha IHHII tried reptati dly but
iijitiears m t in In abln lo compete with
nyoems of direct biipply from olectrio-
Uuu The plan lurvlved however in
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tho electric iiilomoblle mar

nr two Tho el ri

Hit and raring fw the

nit rendf-

t Mil ti Hull u k

MHlher nf n i

Inf olerlfti tnrntmito I

n ln t Mh t iw fof iti-
Or o lh fiffunrf ti-

ao a ploto f rt Mtii Mr
mir In Hio r1r t eti lHK I

rally drlren refiklo r mnrini-
mnl4rt4 In fill iHfM lo x
other early ot irhiof ief
men rMd nnd lMf u-

ln ilitle IMrh
l ler hf BTerdewl IHsntrtlxl-
ln iMlet third mil siemetl-
lerllM i si 1 MVtnl f rm-

iipflr m l i ilifn j-

oinlMiitt in litr In ih-

Irrtmwitjr Mm H run

mipp4f Mrs at Moiitn fwfk ri i i

rtf h In rotund Ht aiiini i t-

oil ifdn K ritl f1 I T Hl r IN-

tMtig iMrd rnil toio n i v-

I J Tlio tnwer f iho I1 fr r-

prilling f l tw f-

Ihn iHndern nverhntd ir ft in r
running Irnllev us II M nli MS M-

haro hosts first lnr nt l nt nl
ntil usoil bf him In prurtliil irir r-

wny Slink nbntit aol h f fter-

imivernMty of lnvoniii r r
h id supply iiHirk the do i 4 t i
Important ndranco in tlm nf nt r t-

travtlon VnnDepoelo H M pinker
In this iis of an under ground tu
which ho eniploy uoc w fiilv in r

In namnt of llwurd M luniw
and Walter H Knight stand mit prominent

In omnectlun with the use of an uM
ground rtmdult under Un r

Align l 4 at tliVeland on M kt if
the horse railway company

Wn hays hardy outlined Hi hnirrr if
motor railway up tni ehrr

ping of a period of wonderful d vei rm rt S

resulting In almost complot rei-

mcnt by electric traction of
or tramway linen all within nn Inirrriu
of scarcely moro tutu tAi year

The year IVM they bo said to nw
ginnlng of this work In that ve-

Hpniguo Company with Frank 1 Srik n
lit Its head put into operation i r

trio line at Richmond Va using Hie
running trolley Mr Hprnguo Iwd u

aasnclated with Edison In early trarti n

work mind well known In connection

with electrio motor work In general Tbt

Richmond line was tho first largn
taking It had about thirteen milnt pf

track numerous curves and grmlw of

from 3 to to per cent The enterprUm
of great hardihood and but for ampii

financial backing anti detennlnntton ta-

sparo no effort or expenditure roiulurin-
to stico must certainly fallal-

Tho motors worn too small for the work

anti them hail not been found any proper

the metal commutator bra
on motors a source of endless truck
and of an tmormous expense for repairs
NevertlieliM this lUchmond InstalUUon

kept in operation as it won In spite of ill
dlfllcultleH served as an object Iwson
had tho effect of convincing Mr henry
M Whltnoy nnd the dlroctors of Vot-

Knd Street Railway of Uoston of this f

blllly of equipping the entire rullwav m
torn of IkMton electrically Meanwhile tl

merging of the VnnDei oel and Uentiev
Knight InterettU Into the Thomsonllm
ton Klectrio Light Company brotiklii i-

newfactorlnto the field tho Hprngue lmr-
esU being likewise merged with the Kdtoa
General Electric Company

ITio Wait Knd Company with JX miles

of track in and around Boston began to
equip Ita lines In 1S8S with thin Ttioiason
Houston plant The success of thU gnat
undertaking left no doubt of the future of

electric traction The difficulties which
hod seriously threatened fnuro BUCCO-

Mwero gradually removed

the electric railway progress wiu so great

In the United Statue that about Jan 1 l t

there were moro than 240 lines In operation
About 80000 horses and mult were re-

placed by electric power In the single jm
of J8 l In 1892 tho Thomoonlloiiiton
Interest and thoao of time Kdlson toner

Company were merged in the ienernl

Electric Company nn event of untniwl-

lmi ortanop as it brought together this wo

great competItors in electrio tract mn nt

that date Other electric mnmifarimri
chief among which was the Wrtuiilioii
Company also entered thn field nml-

cnmo prominent factors In railway ex-

teiwlotu In a few years hors traction In

time United State on tramway lines virtually

disappeared Many cable Unes were con-

verted to electric lines ami project such

ns Boston Subway began to be plann
Not the least of time advnntaccs of eli ctrjt-

ruetlon U the higher speed attainable with

safety Tlio comfort and cleanliness of

the cars lighted brilliantly nt nUht and

heated in winter by the sanii source of

energy which is used to propel them a

imKirtnnl factors
All these things together with HIP great

extension of tho tine Into suburban and

country district anti the interconnection
of Hntw of ono district with thoi c

another cannot fall to have hued a decided

beneficial effect upon him life habit i-

henlth of thn poopK While thn lnid
States and Canada havn beon and Mill

them tbeatrn of tho enormous elecir1
values in electric traction as In other ei tr9
work many electric ear linen have in r vrct

years been established In llritaa

and on time Continent of Kuropo rountrM
like Japm Australia South Africa und

Hotith America havn also in operntioa

many trolley lines nndtho wirk w

rapidly cxttnding Most of tbi k

oven in Ftirope bait ben elth r-

by importation of equipment from America

or by apparatus tin1 tif-

iillowiiig American practice cliwiiy

bulk of thn work luls bien dnm wili
overhead wire and uiiikTruniiing fih

but there are notable liihtami nf h-

of electrlo conductors m nndnikround

slotted condultM chief of which am h

great systems of htrwt railway

Yt rk city

In Chicago thn application of motor

in trail upon time elevated railway followed

directly upon time practical diMiiontrai ti-

nt limo World H Fair of cnpah nn f

pifric traction m Inn1

mural FUnntsl Itailway nnd thn WSHMH-

Is rapidly extending o ns to Include ad

elevated city roacU A f w y an i Ul

hin hern immit miii rrt 1 5
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